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From the Department of Chemical Pathology, Brook General Hospital, Shooters Hill Road, London S£184LW, UK Additional key phrases: cadmium; lead poisoning; metallothionein A low molecular weight protein which binds lead was shown by Raghavan and Gonick in 1977 to be present in the red cells of lead workers chronically exposed to lead. 1 As this protein was absent from the red cells of non-exposed individuals, it was postulated that synthesis of this protein is induced by lead. These findings were confirmed in this laboratory by Lolin and O'Gorrnan.? who also showed that the amount of protein in red cells of chronically exposed lead workers, measured by gel filtration and UV absorption, correlated significantly with the mean whole blood lead concentrations in these workers over the period of exposure. The similarities of this protein to metallothionein prompted the present attempt to adapt an established method used for measuring metallothionein in tissues, i.e. the cadmium saturation method.! to the lead binding protein in red cells, as it is felt that measuring the amount of protein in lead exposed people would help clarify its postulated protective role in lead poisoning.
SUBJECTS
Twenty-one adult male lead workers employed in secondary lead smelters who had chronically raised whole blood lead concentrations (range: 0'7-2· 8IJlllol/L) and 14 healthy adult male controls not exposed to abnormal amounts of lead (whole blood lead concentrations < O·8 I-lmol/L) were studied. Venous blood samples were collected into lithium heparin bottles and centrifuged within 4 h at 3000 rpm for 15 min and plasma and buffy coat discarded. The red cells were washed three times with O' 90/0 saline, lysed by freezing and stored at -20 cC.
MATERIALS AND METHODS

Reagents
Test procedure
The lysed red cells were thawed at room temperature and mixed thoroughly. Then 0·2 mL of the lysate was incubated with 1'0 mL Tris hCl buffer (50 mmolar, pH 7' 4) and O' I mL of 5 I-lmol/L lead nitrate solution at room temperature for 30 min. After incubation haemoglobin was precipitated by adding O· 3 mL chloroform and O' 6 mL ethanol and mixing vigorously. The reaction mixture was centrifuged at 5000 rpm for 15 min and the clear supernatant aspirated and analysed, neat, for lead by electrothermal atomization using pyrocoated graphite tubes, on a Perkin-Elmer 4000 atomic absorption spectrophotometer (Perkin-Elmer Ltd, Beaconsfield, UK) with deuterium background correction. Calibration was done using lead nitrate standard solution. Two per cent ammonium dihydrogen orthophosphate in I % nitric acid solution was used for matrix modification. The unit for expression of values for the lead binding protein is mmol Pb equivalence /L red cells; the valency of this protein with regard to lead is not known.
Blood samples for lead assay were collected into EDTA tubes and lysed by freezing and thawing. Samples were diluted I: 10 in 0·1 % Triton x 100 solution and lead measurements carried out by electrothermal atomization on the above atomic absorption spectrophotometer using whole blood lead standards and ammonium dihydrogen orthophosphate matrix modifier. Details of the above two atomic absorption methods are given elsewhere." o (a I o running consistently lower (mean O' 8 /Lmol/L) than those of the rest of the workers (mean < 1'0 JLffiol/L) and his job did entail less exposure to lead fumes than that of the others.
The relationship between red cell lead binding protein and blood lead concentration in lead workers is shown in Fig. 1 . A significant correlation was noted between lead binding protein concentrations and whole blood lead concentrations in these workers (r=0·58). This correlation was increased when the mean blood lead level over the duration of exposure was used for the calculation instead of the current lead concentration (r = O' 66). Thus these results lend further support to the theory that synthesis of the red cell lead binding protein is induced by lead.
Further studies are needed to validate this method as well as to characterize the lead binding protein and clarify its relationship to metallothionein which is not induced by lead.
The effects of lead toxicity especially nephrotoxicity correlate better with body lead burden than with blood lead concentration.' At present there is no easy way of estimating body lead burden except by measurement of urinary lead excretion following chelation therapy. For this reason it would be of interest to determine if red cell lead binding protein concentrations correlate with body lead burden and could be used as an index of the latter. 
RESULTS AND DISCUSSION
The values obtained for red cell lead binding protein in non-exposed control subjects were between O·4 and O·7 /Lmol Pb eq/L with a mean of O' 5 and SD of O' 1. Raghavan I and Lolin? using gel filtration and UV absorption did not find detectable amounts of protein in normal subjects. The presence of significant amounts of protein in normals as measured by the lead haem saturation method may at least partly be explained by the presence of 'free' (amino acid and small molecular weight peptide bound) lead in the reaction mixture. The values for the protein in lead workers ranged from O'4 to 1. 3 /Lmol Pb eq/L, The mean was 0·9 and the SD 0'23. The worker with the lowest lead binding protein value of O' 4 /Lmol Pb eq/L had a current blood lead concentration of 1. 1 /Lmol/L which was not the lowest lead concentration among the lead workers. Previously, however, his blood lead concentration had been
